The present study was designed to investigate the consumer preference and the quality attributes of five brands of Chinese traditional first-grade fava pastes, following which their quality differences were evaluated in order to identify the key drivers or factors, which can be applied to explain the behavior of consumer preferences. Consumers ranked these samples based on the 9-point method. An obvious preference for sample P1 was observed with 35% of participants settling on extremely liked option, giving the said sample the highest overall preference score of 7.8 ± 0.2. Further sensory and physicochemical properties, and volatiles were conducted to identify the major drivers of the consumer behavior. Sensory evaluation showed that sample P1 also produced the highest overall sensory score (85 ± 3). Though all the samples exhibited similar physicochemical attributes, significant differences were observed in the species and the concentration of volatile compounds. Accordingly, the content of free amino acids (FAAs) and lowmolecular-weight (MW) fraction (≤5 kDa) represented the trend that fell in line with sensory score. PLS2 correlation analysis indicated that physicochemical indices and volatiles could be used to explain the consumer preference, which was likely to be synergistically affected by FAAs, protein, amino nitrogen, dietary fiber, Ca, P, Fe, δ-Ε, and some volatiles, especially the positive drivers of FAAs and low MW proportion to sample P1. The work would not only provide valuable information for grading of fava pastes in the industry but also guide actual producing toward the expectation of consumers, especially increasing those positive drivers.
Introduction
Fava paste, also known as Pixian broad bean paste, is made from fava (or broad bean), chili, salt, and wheat flour. It is a vital ingredient in many of the famous Sichuan dishes and usually referred to as "the soul of Sichuan cuisine" by many consumers due to its unique flavor. [1, 2] Generally, fava paste is manufactured through two steps including "qu making" (boiling the broad to soften it and mixing with wheat flour) with Aspergillus oryzae as starter culture and brine fermentation. [3, 4] Nowadays, only a few published studies had been conducted about fava pastes, which involved isolation and identification of strains, [4] bacterial community succession and metabolite changes during fermentation. [1, 3] Substantial number of researches reports on similar fermented soybeanfoods such as Cheonggukjang, Doenjang, Gochujang, and soy sauce [5, 6] in Korean, natto, [7] miso [8] and fish sauces [9] in Japan, Dajiang, Douchi, [10] sufu, [11] [12] [13] [14] [15] Tauchu, and yellow soybean paste [16, 17] in China are available. However, these studies mainly focused on aroma components, [6, 18, 19] functional properties [8, [20] [21] [22] and taste characteristics [23] [24] [25] with less emphases on consumer preference evaluation.
When it comes to the consumer market of fava pastes, the majority of consumers have obvious preference of one or two brands in various similar products probably due to their distinct intrinsic physicochemical properties, which positively impact on the overall organoleptic properties to positively influence the consumer behavior. Generally, food quality is considered to be an important factor for consumer choices. It is framed in terms of their perceived quality expectations at point of purchase and actual quality and organoleptic experience after consumption. Previous works have investigated the consumer acceptability of newly developed "gochujang" products. [26] However, no study had been carried out about the relations between consumer preference and quality attributes of fava pastes so far. Therefore, the objective of this study was to investigate the quality attributes of five first-grade traditional fava pastes based on sensory characteristics, physicochemical properties, and volatile flavor components. To identify the key factors influencing the consumer choice or preference behavior of these commercial products, quality distinctions or variation were further evaluated in this study.
Materials and methods

Materials
Five traditional first-grade fava pastes, including P1, P2, P3, P4, and P5, were commercially obtained from a local supermarket. All the samples were locally produced by five local manufacturing producers in Pixian, Chengdu, China, and all samples possessed the same production date and the same storing way in order to minimize possible variations due to external factors. The samples were stored at 4°C for not more than 1 week after post-purchase to keep the consistent quality. Chromatographic grade analytical chemicals including 1, 2-dichlorobenzene and n-alkanes (C8-C20) were purchased from Sigma-Aldrich Trading Co., Ltd. (Shanghai, China). All other chemicals were of analytical reagent grade and purchased from Chengdu Kelong Chemical Reagent Factory (Chengdu, China).
Consumer investigation
Consumers of fermented fava pastes comprising equal number of males and females (n = 100) were recruited in local residents according to their willingness to participate in the study. Paper-andpencil questionnaires were administered to participants. Sample preparation and serving procedures for consumer testing based on the previously reported method for serving "doenjang" in the sensory analysis were adopted. [27] [28] [29] It mainly questioned about the preference of five different fermented fava pastes by choosing "liked extremely" and "extremely disliked" from the five products mentioned above. Meanwhile, the participants were asked to rank the overall liking for samples using a 9-point intensity scale (0: none; 9: strong). [30] The order of sample presentation was randomized and determined by a sensory data collection program. Filtered water was used as palate cleansers. The panelists consumed each sample using a small spoon and were asked to expectorate the samples into the spit cup provided. In order to prevent sensory fatigue, the participants took a 5-min mandatory rest following evaluation of each sample.
Sensory evaluation
The sensory panelists were strictly selected and trained. Initially, 40 volunteers (Food Science and College Laboratory at Xihua University, China) were prescreened using questionnaires to evaluate their health status, enthusiasm level, and availability. [31] All participants had previously consumed fava pastes and were familiar with it. They were first screened for their abilities to discriminate among the five basic tastes and five odors by matching tests as well as ranking tests. [15, 31] After the series of screenings, 20 candidates (10 males and 10 females with an age range of 20-40 years) were chosen as panelists and were then provided with four 3-h training sessions, in which they were introduced to the terminologies, references, and rating scales to be used in the analysis. There was no consistent criteria in fava pastes industries, so the final sensory standards referred to other similar fermented foods such as sufu, [32] cheese, [33, 34] and soy sauce. [35] For sample preparation, samples were taken from the refrigerator and kept at room temperature (20-22°C) for 1 h prior before the experiments. Five samples were picked out from individual PET transparent plastic package and mashed into slurry with a glass pestle and mortar to ensure the homogeneity and so minimize experimental error. Five grams of each sample was placed into transparent glasses. First, the appearance and color of samples were observed directly. Then, another 0.5 g of sample was placed into a plastic spoon and served to the panelists. The panelists were instructed to put all samples into their mouth for the aroma and texture evaluation to minimize the variation caused from the amount of sample placed in the mouth. The panelists rated each sample on a scale of 1-100 for four evaluation attributes (Table 1) . Each sample was repeated three times. Finally, the overall scores were obtained based on a linear function of the scores for the four palatability attributes. [36] The experimental samples were evaluated over 2 weeks, during which three sessions were held per day, with a 3-h break between the sessions. During the sensory evaluation, samples were detected by other indices.
overall score = 0.4× taste score+ 0.3× aroma score+ 0.15× color score+ 0.15× appearance score
Physicochemical determination
The pH level of the supernatant was measured using a pH meter, and total acidity was calculated by acidbase titration. [37] Amino-type nitrogen was measured by the formal titration method. [37, 38] The contents of water in samples were determined by direct drying method. Crude fat, protein contents, salinity, dietary fiber, ash were measured according to AOAC methods [37, 39] in order to determine other physicochemical indices. The qualitative and quantitative determinations of vitamin B (V B ) were conducted by using reversed-phase high-performance liquid chromatography (Waters Alliance e2695 USA) coupled with a fluorescence detector. The sample was hydrolyzed by dilute hydrochloric acid environment at room temperature (25°C), adjusted to pH 6.0-6.5, and digested with papain and peak amylase. The analytical column was Galaksil® EF C18M (column length: 250 mm, inner diameter: 4.6 mm, particle size: 5 μm, obtained from Wuxi Galek Chromatography Technology Co., Ltd.). The chromatographic conditions were set as follows: the column temperature was at 30°C, and the mobile phase was sodium acetate solution (0.05 mol/L)-methanol (65:35) . The flow rate was set as 1 mL/min. The excitation wavelength was chosen 462 nm while the emission wavelength was 522 nm. The injection volume was 20 μL. For Vitamin E (V E ) determination, C 30 reversed-phase liquid chromatography coupled with ultraviolet detector was used. Vitamin E was saponified (the starch was first hydrolyzed with amylase), extracted, purified, and concentrated. The concentration was analyzed by Waters C 30 column (column length: 250 mm, inner diameter: 4.6 mm, particle size: 3 μm (Waters Corporation of the United States) with column temperature of 20°C and isocratic gradient elution; water was chosen as the mobile phase A while B was methanol. The flow rate was controlled at 0.8 mL/min. The ultraviolet detection wavelength was 294 nm and the injection volume was 10 μL. Both of the quantitative analyses of V E and V B2 were carried out by using an external standard method. Trace elements such as calcium (Ca), potassium (K) and sodium (Na), ferrum (Fe) were determined using flame atomic absorption spectrometry method. After being digested, the preprocessed solution was injected into an atomic absorption spectrometer (AA6800F) and was further atomized by flame atomic absorption spectrometer (Shimadzu Corporation Unico, Shanghai Instrument Co., Ltd). Calcium (it was previously added release agent), iron, potassium, and sodium absorbed resonance lines with wavelength of 422.7, 248.3, 766.5, 589.0 nm, respectively. Within a certain range of concentration, their absorption values were proportional to their contents, thus they can be accurately quantified by comparing with a series of standards. The parameter of the device was Table 1 . Definition and reference standards of fava paste taste, aroma, color, and appearance used for sensory evaluation.
Modalities
Attributes and reference scores a Taste Texture Exquisite (12) Homodisperse (10) Grainy (8) Hard (5) Unpalatable (2) Umami taste Strong natural umami (25) Strong umami (20) Moderate umami (15) Weak umami (10) No umami (3) Salty taste Moderate salinity (13) More salinity (10) Excessive salinity Obvious aroma (27) Slightly inadequate aroma (20) Weak aroma (7) No aroma(0)
Continuity
Lasting (33) Longer (27) Moderate (20) General (13) Short (4) Palatability Refreshing and comfortable (34) Consistent and harmonious (27) Basically harmonious (20) Slightly harmonious(7) Slightly uncomfortable (4) Color Brightness Bright and wettish (33) Bright (27) Slightly bright (20) Lackluster (13) Dark (4) Gloss Typical characteristic gloss(33) Obvious characteristic gloss (27) Characteristic gloss Slight spots (27) Small spots (20) Large spots (13) Many spots (4) Appearance omogeneity Moderate and consistent particles (33) Consistent particles (27) The majority of large particles (20) The majority of large particles and the minority of small particles(13) The majority of small particles and the minority of large particles (4) Integrity Morphological integrity (33) Homogeneous tissue (27) Broken tissue (20) Solid-liquid stratification(13) Messy and Incomplete morphology (4) Impurity No impurities (34) Unobvious impurities (27) Trace impurities(20) A little impurities(13)Obvious impurities (4) Notes:* Definition and reference standards are both based on local enterprise standards (in Pixian, Chengdu, China) because of an absence of unified standard. 100-point numerical line scale of each typical attribute was used for sensory evaluation. The taste attribute mainly consists of texture, spicy and five basic taste properties such as umami, salty, sour, sweet, and bitter. The aroma attribute mainly consists of the intensity, continuity, and palatability of odors. The color attribute mainly includes the brightness, gloss, and evenness of the paste system. The appearance attribute mainly includes the homogeneity, integrity, and impurity of the paste system. set as follows: the slit size was 0.5 nm. The filament current was adjusted to 5-15 mA. The height of combustion was 3 mm. The airflow rate was 9 mL/min while acetylene was 2 mL/min. Phosphorus (P) was determined using molybdenum blue spectrophotometry, which was based on the fact that phosphorus was combined with ammonium molybdate under acidic conditions to form ammonium phosphomolybdate. The compound was reduced to hydroquinone blue compound by sodium sulfite, whose absorbance value at 660 nm was proportional to the concentration of phosphorus. Thus, the absorbance of the sample solution was measured by a spectrophotometer and compared with different standard concentrations to quantify.
Determination of free amino acids (FAAs) and molecular weight (MW) distribution of peptides
FAAs and MW distribution of peptides in the samples were estimated according to the method reported by Liu et al. [40] Identification of volatile flavor compounds
FAAs and MW distribution of peptides in the samples were estimated according to the method reported by Liu et al. [40] A Likens-Nickerson type SDE apparatus (model 523010-000, Kontes, NJ) was used to extract the volatile compounds. Dichloromethane was used as a solvent. Sample extraction and analysis referred to the methods reported by Lee and Ahn. [6] The concentrated extract was stored at −20 until further analysis was performed. Before determination, 1,2-dichlorobenzene was used as an internal standard (500 μg/mL in methanol) and 1 μL internal standard was added to each extraction. Then, 1 μL mixture was injected into the Gas Chromatography-Mass Spectrometer (GC-MS) system for volatiles' analysis.
Analysis of the volatiles was performed using the Shimadzu GC-MS system. Volatiles were separated by DB-5MS column (30 m × 0.25 mm× 0.25 μm, Supelco, Bellefonte, Pennsylvania, USA), with helium as the carrier gas (flow rate of 1.0 mL/min). The injector and detector temperatures were at 250°C. The oven temperature was set at 35°C and held for 3 min, raised to 50°Cat a rate of 3°C/min and then raised to 150°C at a rate of 6°C/min and held at 230°C for 6 min. The split ratio was 20:1, and the solvent delay was 2 min. Ionization energy was 70 eV, and the range of MW scanned was 33-450 amu. The mass spectrometer was operated in full scan mode. Compound identification and semi-quantification were conducted according to the method reported by previous researches.
[ [41] [42] [43] 
Statistical analysis
All experiments were performed in triplicate, and the data were expressed as the mean value ± standard deviation. One-way ANOVA evaluating the significance of differences (Student-Newman-Keuls test, p = 0.05) was conducted by using the SPSS 19.0 software package (SPSS Statistics, Chicago, IL, USA). Partial least square regression (PLSR) was used to perform correlation analysis and establish the model of PLS2 through UNSCRAMBLER 9.7 (CAMO ASA, Oslo, Norway).
Results and discussion
Consumer investigation and sensory characteristic of fermented fava pastes
All questionnaires were fully validated prior to the study. The results of the preference included in the consumer questionnaire are shown in Fig. 1 . Among the five tested sample, 35% of participants in consumer investigation extremely liked sample P1 in comparison with the other products, followed by P5 (21%), P4 (20%), P3 (13%), and P2 (11%). In the "extremely disliked sample" expedition, a total of 37 people showed an obvious trend of disliking sample P2, while 24, 21, 12, and 6 people were on record to dislike samples P3, P4, P5, and P1, respectively. The overall liking presented the same trend as noted in the rankings obtained from "liked extremely" evaluation, which also was observed in the overall score of sensory evaluation as stated (Fig. 2) . Sample P1 and P2 showed the highest and lowest overall scores of 85 and 61, respectively. Due to strong aroma and delicious umami taste notes of sample P1, it was the most popular sample brand among all the samples studied.
One-way ANOVA revealed that the tested samples showed no significant differences in aroma, color, and appearance attribute among the five samples (p < 0.05), but significant differences occurred in taste property and the calculative overall score especially when sample P1 and the other products were juxtaposed. The intensity of taste attribute of P1, with an average value of 86, was greatly distinguished from other samples (p < 0.05). Saltiness and umami were the major taste properties detected in the five samples, which was greatly related to the palatability of the fava pastes.
Physicochemical analysis
The main constituents of the five fava pastes are shown in Fig. 3 . The concentrations of moisture, ash, and salt presented higher values over 18.0 g/100 g compared with the other physicochemical properties such as fat, total acid, and amino nitrogen, which all recorded values below 3.0 g/100 g (Figs. 3aand 3b) . The water content ranged between 51.0 and 55.6 g/100 g, with sample P3 registering the lowest value of 51.0 g/100 g. Sample P1 had moderate protein content (7.1 g/100 g), while sample P5 and sample P2 showed the highest and lowest protein content of 7.7 and 5.4 g/100 g, respectively. There was no significant difference among all samples except P2 as far as protein content was concerned. In relation to crude fat content of the studied samples, values were between 1.17 and 1.94 g/100 g, with highest and the lowest values of 1.94 and 1.17 g/100 g were observed, respectively, in samples P2 and P3. Dietary fiber, regarded as one of the main components of the raw material, had values occurring in the range of 4.0/ 100-5.7g/100 g. The highest concentration of dietary fiber (5.8 ± 0.4 g/100 g) was noted in sample P3, while least value (4.0 ± 0.2 g/100 g) occurred in sample P4. For sample P1, sample P3 and sample P5 almost similar dietary values were recorded. The ash and salt content were at a range of 20.5-23.3 and 18.6-22.1 g/100 g, respectively. Samples P1 and P2 presented the lowest and highest ash content, and there was no significant difference in salt content among samples. For total acid content values ranged between 0.74 and 1.30 g/100 g, with samples P2 and P3 presenting higher value than other samples. The amino nitrogen content was between 0.22 and 0.32 g/100 g, and sample P2 showed lower amino-type nitrogen content than that of the other samples. V B2 , α-Ε, γ-Ε, δ-Ε were determined in all fava pastes, and the results are displayed in Fig. 4 . There was no significant difference among the five samples when V B2 , which ranged from 0.14 to 0.19 mg/100 g, were compared. Similar phenomenon was noted in the content of α-Ε. Significant difference was observed in the case of δ-Ε. The content of δ-Ε in P1 was 0.40 mg/100 g, which was higher than the values recorded in the other samples. Meanwhile, the content of total V E ranged from 3.72 to 7.25 mg/100 g in all different products with sample P3 recording the highest value in comparison with other fava pastes.
Displayed in Fig. 5 are the results of mineral analysis, where samples P1 and P5 were noted to be carriers of highest level of Ca and Fe. Sample P1 showed the highest concentration of Ca (15.9 mg/ 100 g), followed by P5 (14.6 mg/100 g). Apart from P2 brand, which had Fe value of 4.2 mg/100 g, all the other samples had their Fe concentration values within 6.6-8.6 mg/100 g. While sample P5 yielded 13.7 and 601 mg/100 g as the highest concentrations of P and K, respectively, sample P2 recorded 10.2 and 478.21 mg/100 g as the lowest values of P and K, respectively. Due to the use of salt as a preservative in the preservation process, there was a consequential effect, causing Na content to be highest among the mineral element analyzed in all the five pastes with the range of 7323-8687 mg/100 g. And sample P1 presented the lowest concentration of salt, which was probably caused by a few reasons such as the different proportions of fava beans and chillies, or their different concentrations of 18% (w/w) in fava beans and 13% (w/w) in chillies. 
FAAs analysis
A total of 17 amino acids detected in the five pastes are shown in Table 2 . The total FAA contents were not significantly different in all samples except sample P2. The concentration range of the total FAAs was 1464-1848 mg/100 g. Highest value of total FAAs (1848 mg/100 g) occurred in sample P1, followed by P5, P4, P3, while sample P2 had the lowest value (1464 mg/100 g). Asp, Glu, Arg, and Leu were the dominant FAAs detected in the five pastes accounting for 46.30%, 44.66%, 45.01%, 44.78%, and 43.78% of the total FAA in P1, P2, P3, P4, and P5, respectively. Glu was previously reported as the main component of amino acid in food protein hydrolysates such as chicken protein and soybean protein. [20, [44] [45] [46] Among the four main FAAs, the Glu and Asp concentration was greatest in all the five pastes, and were both significantly higher in sample P1 compared with the other samples. FAAs in natural food were important taste contributors and almost all amino acids could elicit taste. [47] Thus, all FAAs determined were divided into the followed three categories [47] [48] [49] : umami-taste active acids, sweet-taste active acids, and bitter-taste active acids. First, umami-taste active amino acids were the other dominant component of the total FAAs in five pastes, including Asp and Glu, which were umami-taste active substances. Their total contents accounted for 29.40%, 27.81%, 27.49%, 26.82%, and 26.32% of the total FAA in P1, P2, P3, P4, and P5, respectively. Meanwhile, sample P1 presented the highest total umami-taste active amino acid content of 543 mg/100 g, followed by P5 (467 mg/100 g) and the lowest value occurring (407 mg/100 g) in P2.
Second, sweet-taste active amino acids were the richest amino acids accounting for 31.53%, 33.52%, 32.95%, 32.70%, and 33.16% respectively in P1, P2, P3, P4, and P5. The common sweettaste active acids included Ala, Gly, Ser, Thr, Pro, and Lys. The range of the concentration of sweettaste active acids was 491-589 mg/100 g. And the average content of sample P5 was the highest value 589 mg/100 g, followed by P1, P4, P3, while the content of sample P2 was the lowest value (491 mg/ 100 g). Meanwhile, there was no significant difference between sample P1 and sample P5, and the same trend was observed in the remaining three samples.
Bitter-taste active amino acids are the major amino acids, which impart on food causing unpleasant flavor. These bitter-taste active amino acids are commonly composed of His, Met, Val, Arg, Ile, Phe, Leu, and Tyr. In this study, the concentration range of the bitter-taste active amino acids occurred from 441 to 567 mg/100 g. The highest concentration was observed in sample P5 with an average value of 567 mg/100 g, followed by P1, P4, P3, and P2. Though the concentration of the bitter-taste active amino acids was relatively high in the five samples, their contribution to the food taste may be marginal due to their high threshold values.
MW distribution of peptides
The MW distribution of peptides in the five fava pastes is shown in Table 3 . The low MW fractions (≤1 kDa) were the major fractions in the five pastes, accounting 81.84-88.14%, while the fractions between 1 and 5 kDa accounted for 5.12-9.34% and the fraction between 5 and 10 kDa represented 0.62-4.05%. Sample P1 showed the greatest percentage of low MW peptides compared with the other samples, followed by P5, P3, P4, and P2. However, the distribution of high MW (>5 kDa) peptides showed the opposite trend. There was no significant difference in MW ≤ 1 kDa, among the five pastes, while, peptides over 10 kDa were significantly different among samples. Additionally, the peptides between 1-5 and 5-10 kDa were higher and lower in P1 and P5 pastes compared with the other samples, respectively. Table 4 displays the identified volatile components in each of the five samples according to their chemical classes, relative concentrations, and retention indices (RIs) on the DB-wax column, respectively. A total of 125 volatile compounds were identified in the five commercial fava pastes. Among these volatile compounds, a total of 49, 63, 77, 54, and 56 odorants were detected in the order of P1, P2, P3, P4, P5. A careful analysis of the data showed that 22 of the identified compounds were found in all the testing samples and 20 shared compounds at least three testing samples. These compounds were grouped according to their chemical structure as esters (47) , aldehydes (18), alkanes (16), alcohols (13), acids (12), olefins (10), ketones (9), phenols (7), heterocycles (2), and ethers (1). According to the quantification result, esters (55-61%) were the most abundant volatile compounds in the fava pastes, followed by aldehydes (11-25%), alcohols (6-13%), acids (2-8%), phenols (1-4%), and ketones (2-3%). All fava pastes samples showed relatively high contents of esters and aldehydes.
Volatile compounds of fava pastes
A combined total of 47 esters including high MW fatty acid esters (such as ethyl laurate, ethyl myristate, ethyl stearate, and ethyl palmitate) were detected. These compounds have also been found in soybean paste, [6] Doenjang, [16] and miso. [8, 50, 51] The most abundant compound was ethyl palmitate. This compound, which was notably higher with the contents in P2 and P5 sample in comparison the other samples, accounted for 31.33% of the total esters. The total number of esters identified in all the samples was 46, with sample P5 recoding the highest content of ethyl palmitate with an average value of 7246 ng/g. The concentration of most esters was slightly different between the five samples. All the detected esters were previously identified in various fermented condiments, and these high MW esters were likely produced by the action of fungal lipase on soybean lipids. [11] Esters play a very important role in food aroma, even at very low concentrations. Because short-chain esters can not only be volatilized at room temperature conditions but also have extremely low thresholds (about 10 times smaller than their corresponding alcohols). [52] Isovaleraldehyde, furfural, 2-methylbutyraldehyde, 3-methylthio-propionaldehyde, and phenylacetaldehyde were the major aldehydes detected in all samples, accounting for more than 95% of the total aldehydes. Considering the pleasant aromas of aldehydes, such as sweet, fruity, nutty, and caramel-like odors, these compounds were considered to be the drivers of flavor quality enhancers. [6] They can also be produced by lipid oxidation and degradation during fermentation. Furfural gave sweet and almond odors, and can be formed by the process of the acid-catalyzed degradation of D-fructose. [53] It was found that the concentration of furfural was slightly different in five samples, and this might be due to strong heat treatments like stir-frying or pasteurization.
Among identified alcohols, phenethyl alcohol, furfuryl alcohol, 3-methyl-1-butanol, and alphaterpineol were the major compounds detected in all samples. Moreover, phenethyl alcohol, furfuryl "-": Volatile compounds which are not detected by GC-MS analysis. "*": the volatile compounds were identified as critical aroma compounds of numerous soybean-fermented foods such as soy sauce, sufu, and douchi, etc. in previous researches.
alcohol, 3-methyl-1-butanol, linalool, and nerolidol found in all samples and showed similar content. Alcohols usually give a pleasant aroma. Previous research has shown that 3-methyl-1-butanol, isoamyl alcohol, and phenylethyl alcohol were derived from leucine, isoleucine, and phenylalanine, respectively. They were first degraded by Strecker to produce the corresponding aldehyde and then were further reduced. [52] Linalool was detected in Chinese red bean curd. [54] Phenethyl alcohol, 3-methyl-1-butanol, and linalool were important contributors of fava pastes aroma. In this study, alpha-terpineol and 3-methylthiopropanol were detected in three of the samples, which might play a role in the sensation of the products.
Among 12 acids identified in the samples, only 4 of them (lauric acid, myristic acid, isovaleric acid, 2-methyl butyric acid) were found in all samples, and they were confirmed to be the main acids in fava pastes, accounting 74% of all acid content. Sorbic acid and benzoic acid were only found in two samples, which might be due to their addition as preservative. Furthermore, nine ketones were identified, and only 3-hydroxy-2-butanone was detected in all the samples. Ketones are carbonyl compounds which are unstable intermediate components and are easily reduced to the corresponding alcohols [55] Due to their high threshold, the majority of ketone compounds contributed a little to aroma, but some ketone compounds might play an important part as intermediates of heterocyclic compounds during food flavor formation. Seven phenols were identified, and only 4-ethyl-2-methocyphenol was detected in all samples. Only one pyrazine and furan compounds (tetramethylpyrazine, 2-pentylfuran) were identified in sample P3.
Correlation analysis
In order to clarify the influence of physicochemical indices, FAAs and aroma substances (X-data) on the scores of sensory preference (Y-data), PLSR [56] were used to study their relationship. PLS2 model was established to simplify the interpretation of the relationship between X-data and Y-data. The correlation loadings plot is displayed in Fig. 6 . As shown in the plot, the distribution of the five samples along the horizontal axis (PC1), from the right to the left, showed an order of P1, P5, P4, P3, and P2, which was in accordance with the ranking of overall score. The objects lying to the right of the score plot had more optimal values for those variables. It was easy to observe that PC1 mainly reflected physicochemical properties, FAAs, minerals and vitamin, and PC2 represented volatile compounds. Four sensory variables (taste, aroma, color, and appearance) and most FAAs had an extreme position to the right of the plot along PC1. They were close to each other, far from the center, and very close to the 100% explained variance circle, showing a positive correlation. Meanwhile, partial physicochemical indices such as protein, amino nitrogen, and dietary fiber were also relatively close to the sensory indices, while ash and salt had an extreme position to the left of the plot along PC1, which meant a negative correlation with sensory score. The moisture, total acid, and fat most likely made a very small contribution to the sensory attributes, because their locations were close to zero with regard to the two PCs shown. When it comes to minerals and vitamin detected in all tested samples, only Ca, P, Fe, and δ-Ε were greatly related with sensory properties. Additionally, it seemed that 3-methyl-1-butanol (C2), linalool (C8), isovaleraldehyde (C14), 3-(methylthio)propionaldehyde (C19), 3-hydroxy-2-butanone (C33), 4-ethylphenol (C91), 4-ethenyl-2-methoxyphenol (C94), 2-methyl butyric acid (C100), lauric acid (C106), and myristic acid (C107) correlated positively with PC1, and were also close to sensory properties. Among these volatiles, most of them were detected with the moderate concentration in sample P1, which might be one of the drivers of appealing consumers. These results mentioned above indicated that FAAs, partial physicochemical indices such as protein, amino nitrogen, dietary fiber, Ca, P, Fe, δ-Ε, and some volatiles might significantly influence the sensory acceptability of consumers and could be considered as likely important indicators of the quality of the fava pastes. Therefore, it was necessary to take numerous intrinsic attributes into account to understand the consumer preference for sample P1. This point could be explained according to the results of correlation analysis. FFAs detected in the five samples might mainly explain the consumer preference, especially the taste attribute. Most of the FAAs were determined with the highest concentration in sample P1 compared with the other samples, primarily due to amounts of its microbial species. [57] The amino acids, especially FAAs, are critical substances naturally present in food and are responsible for the taste, aroma, and quality of various foodstuffs. [9, 58, 59] The long-term ripening progress of fava pastes was extremely similar to miso [51] and produced a large number of amino acids such as Glu and Asp, which imparted pastes strong umami flavor. [51] Therefore, FAAs had an intimate relation to the formation of unique flavor of fava pastes. Free Glu and glutamates may similarly possess the umami properties and were commonly natural compounds found in many plant and animal foods. [58, 60] Previous studies had shown that free Glu was the signaling molecule of umami taste and the principal ingredient in modern savory condiments. [9, 61, 62] Recent sensory studies found that the palatability enhancement was roughly dependent on the amount and composition of umami substances like free Glu and glutamates, endogenously present in flavor matrices as well as in such savory foods such as chicken and mushroom broths, mashed potatoes, red beets, and green peas. [9, 58, 59] In addition, these researchers indicated that Gly and L-Ala elicited a strong sweet taste. A hydrophobic D-amino acid, which was formed simultaneously by the synthesis of L-amino acids, also brought out a strong sweet taste. D-Trp, Phe, His, Tyr, and Leu were 35, 7, 7, 6, and 4 times as sweet as sucrose, respectively. [47] It is thought that the strong sweet note elicited by these amino acids was due to the ability of these molecules to bind to the sweet substance receptors. [47] However, most hydrophobic L-amino acids have a bitter taste. Although bitter-active amino acids have a negative effect on the products, they might rarely affect the quality because of their high threshold. Kirimura, Shimizu, Kimizuka, Ninomiya, and Katsuy [48] and Taborda et al. [63] had reported that the organoleptic characteristics and threshold of FAAs greatly varied. Therefore, these amino acids had a non-negligible contribution to the characteristic taste of fava pastes, and may form numerous taste peptides which imparted fava pastes unique volatile flavor and taste.
Meanwhile, partial physicochemical indices, mineral elements, and vitamins might also play as supplements for the quality of the fava pastes. First, sample P1 had moderate crude protein content. The concentration of crude protein was greatly different among the five samples, due to the fact that different pastes were made of different materials as well as different microbial strains, and consequently, difference reflected in their crude protein content. [64] Protein contained in materials was decomposed to some small active substances such as FAAs during fermentation. [51] Second, the content of amino-type nitrogen can reflect the process of fermentation, especially the degree of protein hydrolysis [37, 65] and the quality of the fermented products. [64] Five samples had a high concentration of amino-type nitrogen except sample P2. Third, the content of dietary fiber was also moderate, which may underscore the appearance and the palatability of P1 sample. The preference of consumer was greatly affected by the appearance of the products. During post-fermentation stage, especially the traditional craftwork of shinning in the sun at daytime and exposing at night, the dietary fiber contained in materials was fully decomposed under the action of microbial species. The content of total acid was also moderate in sample P1. It was found that the total acid of fava pastes increased gradually during fermentation. Shim et al. [37] reported that organic acids such as propionic acid, lactic acid, and acetic acid were generated in the action of lactic acid bacteria and yeasts in Doenjang (soybean paste). Fourth, the majority of minerals and vitamins also represented moderate values in sample P1, which can be disregarded in this study due to their negligible concentrations and relatively far distance from the sensory attributes on the correlation loading plot.
Volatile compounds detected in the five samples also likely affected the consumer preference in a degree, especially those substances mentioned in correlation analysis. Most of them were observed the moderate concentration in sample P1, which might impart a pleasant aroma to fava paste except 3-(methylthio) propionaldehyde (C19). Previous literatures had reported that most aldehydes might be generated from the oxidation of lipids and the degradation of fatty acids during fermentation. [66, 67] Benzaldehyde (C20) possesses cherry or almond-like aromas and has been previously identified in fermented soybean curd (FSC) samples. [13, 54, 68] 3-Methylthiopropionaldehyde (C19) is an important sulfur-containing aldehyde substance, derived mainly from the degradation of sulfur-containing amino acids, such as peptides. Linalool (C8) was described as a lemon note, which could weaken the unpleasant odors in the mixing system. [54] 4-Ethenyl-2-methoxyphenol (C94) was greatly responsible for the flavor of soy sauce and was generated from the metabolic activity of yeast and had a strong clove and fermented-like odor. [69] Compared with esters and alcohols, ketones determined in the fava pastes relatively low in term of species and concentration. 3-Hydroxy-2-butanone (C33), described as a creamy aroma, was reported as the dominant products of sugar fermentation. Feng et al. [70] had reported that the difference in the overall aroma of those different types of soy sauce was more due to the quantity of these compounds rather than their composition.
Additionally, another important factor that might drive the consumer preference especially the taste attribute was the main low MW substances such as acidic peptides and some trace amounts high MW substances such as fatty acid esters generated during ripening stage. Among the fraction of MW below 5 kDa, sample P1 ranked first, followed by P5, P3, P4, while sample P2 ranked last. There were a variety of microbes in the fermentation environment and the raw materials. These microbes selves and their metabolites such as protease could decompose some large molecular compounds in the raw materials into small molecular compounds such as peptides, amino acids, and sugars. [24] The intermediates formed in the previous stage further underwent complex reactions and form different products such as Maillard reaction products during the post-fermentation process, which contributed to the quality of the products. Previous researches showed that tasteactive proteolytic oligopeptides with low MW significantly contributed to the taste of numerous foods, [23, 63] especially acidic oligopeptide fraction, which had been described as an umami taste and a favorable aftertaste. [23, 46] Noguchi, Arai, Yamashita, Kato, and Fujimaki [44] reported that the low MW acidic oligopeptide fraction (Asp-Glu-Ser), isolated from fish protein concentrate hydrolyzate, possessed the MSG-like taste. Rhyu and Kim [25] investigated the umami taste characteristics of water extract Doenjang from Korean soybean paste, and concluded that the umami taste characteristics were a result of the low MW (1000 Da > MW≥ 5000 Da) acidic peptides naturally produced during the fermentation of soybeans. Ogasawara et al. [24] identified the key substances that gave the characteristic flavor of long-ripened miso, and also proved that the Maillard peptide products with moderated MW (1000 Da ≤ MW≤ 5000 Da) could enhance the mouthfulness and continuity and they might play a critical role in the formation of the characteristic flavor of the products. Therefore, it can be suggested that the amount of low MW components in foods might reflect the intensity of umami taste or characteristic flavor at a certain degree. The higher, the content of the low MW compounds was, the greater the possibility of generating umami substances through Maillard reaction was, which could greatly contribute to a better quality of the final product.
Conclusion
In the present study, questionnaires were used to evaluate likeness for five local fava pastes produced from different companies among local residents and found a preference of sample P1. The ranking of overall liking score was P1 > P5 > P4 > P3 > P2. In order to identify the likely drivers of the consumer behavior, the sensory evaluation, physicochemical properties, and volatile compounds studies were conducted. The sensory evaluation showed that sample P1 also had the greatest overall score as the same trend as consumer surveys. Correlation analysis basing on physicochemical properties, volatiles (X-data) and sensory evaluation (Y-data) was conducted and the result showed that FAAs, partial physicochemical indices such as protein, amino nitrogen and dietary fiber, Ca, P, Fe, δ-Ε, and some volatiles may synthetically affect the consumer preference. However, there should be followed by a recombination study in next work to prove that these possible drivers cause this consumption phenomenon indeed. Additionally, Further work should focus on the interactive and additive effects on the sensory performance of those indices which had a relative low correlation mentioned in this study, as well as the effects of the raw materials, microbial specie and the processing on sensory properties. These researches can provide valuable information for grading of fava pastes in industries and guide actual producing toward the expectation of consumers, especially increasing those positive factors.
